In the last decades, the prevalence of obesity has increased in the Taiwanese population. This has the potential to impact on the risks of cardiovascular diseases and diabetes. This study investigated trends in the changes in several indices of obesity in the last decade, and the relationship between blood pressure (BP) and these obesity indices available in Mei-Jaw Corporation health-screening data from 1996/1998 to 2006. Three cross-sectional surveys among healthy individuals ages 20-59 years, in which 14 362 subjects examined in year 1996, 17 368 in 1998, and 28 524 in 2006, were included in the analysis. Body weight and height data were available from 1996, whereas %body fat, waist circumference and waist-hip ratio (Whratio) were only available from 1998 onwards. We found that the association between systolic BP and body weight, body mass index, %body fat, Whratio and waist became stronger for both men and women in 2006 than 1996 after adjustment for age, education level, alcohol intake, smoking and betel nut chewing. In contrast, non-obese people seemed to have lower diastolic BP in 2006 than in 1996. This trend is consistent irrespective of the index of obesity used. Among healthy individuals, the average values for the obesity indices increased in men but remained similar in women. However, in both men and women, the relationship between obesity and BP has changed. Further research is required to investigate the impact of these intriguing changes in the associations on the risk of cardiovascular diseases in the Taiwanese population.
Introduction
In the last three decades, Taiwan has experienced rapid economic growth, urbanization and social change. As a result, living conditions, lifestyles and nutrition in the Taiwanese population have gone through substantial transformation. According to the developmental origin of health and disease hypothesis, 1 this transformation may give rise to a greater risk of chronic diseases due to the mismatch between foetal programming and the subsequent environment. [2] [3] [4] [5] [6] Obesity, a potential pandemic, is becoming a serious public health issue in developing and newly developed countries such as Taiwan. Several studies have found that the prevalence of obesity has increased in the Taiwanese population. 7, 8 With the continuing increases in general well-being and standard of living, it is expected that the problem of obesity will further increase. 9 Although obesity has been shown to be associated with an increased risk of cardiovascular diseases and diabetes, [10] [11] [12] [13] it is not yet clear whether the increased prevalence of obesity in the Taiwanese population in the last 30 years is reflected by increased risk of chronic disease. Because of rapid economic and population growth, the living environment (for example affordability and availability of food, transportation, housing) has been transformed dramatically, and the mismatch between foetal programming and the subsequent environment may therefore cause health problems in later life. 6 Those problems may be exacerbated by the increasing obesity in the population, probably due to changes in both dietary patterns (for example the greater intake of western food) and lifestyles (for example the decrease in physical activities in work and daily life).
Although evidence suggests that the increasing prevalence of obesity is a world-wide phenomenon, its impact on population health and morbidity remains to be assessed. Although some experts have argued that the increased prevalence of obesity will inevitably increase the risks of diseases such as type 2 diabetes and cardiovascular diseases, some have argued that the obesity epidemic has been exaggerated. [14] [15] [16] For instance, one study on secular trends in cardiovascular disease risk factors in US adults found that the prevalence of obesity (body mass index (BMI)X30) has increased in recent decades; however, although the prevalence of diabetes has also increased, cardiovascular risk factors, such as high cholesterol and high blood pressure (BP) level, have declined considerably. 17 The interpretation of such mixed findings is not straightforward, as there are changes in other deleterious and beneficial factors, such as smoking, consumption of fruits and vegetables and prescription medicines. 17 Similar trends in cardiovascular risk factors have been found elsewhere: one study of students attending Glasgow University, UK, found that average BP decreased across generations born between preand post-World War II. 18 Another study showed a decreased magnitude of association between BP and BMI in a survey undertaken in 1989 and 2005 in the Seychelles, a rapidly developing country in Africa, 19 whereas the average BMI in 2006 was greater than that in 1989 for both men and women.
Although the prevalence of obesity in Taiwanese population has been increasing, it remains to be ascertained that the risks of chronic diseases have also been growing, and it is also not clear which indices of obesity are most strongly associated with health risks, such as BP, in this population. In this study, we used routine health-screening data collected by the four clinics of Mei-Jaw (MJ) Corporation in Taiwan in 1996/1998 and 2006 to investigate the relationships between BP and obesity in Taiwanese population over this 10-year period.
Materials and methods
MJ health-screening data MJ Corporation is a Taiwanese private organization providing health-screening services for its members. Data collected by its four clinics were computerized from 1994 onwards and questionnaires about personal and medical histories, lifestyles and diets were collected from 1996. Six anthropometric variables were measured in MJ health checks: weight, height, BMI, %body fat, waist and waist-hip ratio (Whratio). Although weight and BMI data were available from 1996, %body fat, waist and Whratio were only available from 1998. Details of the MJ healthscreening scheme and data collection have been described elsewhere. 10, 20 Weight and height were measured by an auto-anthropometer, Nakamura KN-5000A (Nakamura, Tokyo, Japan). Weight was measured to the nearest 0.1 kg with subjects barefoot and wearing light indoor clothing. Height was recorded to the nearest 0.1 cm. BMI was then calculated. Waist circumference was measured to the nearest 0.1 cm at the midway point between the inferior margin of the last rib and the crest of the ilium in a horizontal plane. Hip circumference was measured to the nearest 0.1 cm around the pelvis at the point of maximal protrusion of the buttocks. BP was measured twice, on the right arm, with the subject seated, after 5 min of rest, using a computerized auto-mercury-sphygmomanometer, Citizen CH-5000 (Citizen, Tokyo, Japan). When BP measured on the right arm was not available, measurements on the left arm were used. Two measurements were taken at 10 min intervals. The mean of these two readings was used for the analysis. As the aim was to look at the relationship between BP and obesity in general healthy adult population, only people between 20 and 59 years old who reported no history of chronic diseases, such as diabetes, hypertension and cancer, and were not on long-term medication were included in the analysis. Therefore, data from 14 362 subjects out of 71 233 examined in 1996, 17 368 out of 79 141 in 1998, and 28 524 out of 80 851 in 2006 were used for analysis in this study. Written consent for using the screening results for academic research was obtained from each participant, and this research project for the uses of those data sets has been approved by the Research Ethics Committee in Leeds Institute of Genetics, Health and Therapeutics at the University of Leeds.
Statistical analysis
We first compared the distributions of BP and anthropometric variables at baseline (1996 for BMI and weight and 1998 for all the others) and 2006 using smoothing density plots within each gender group. Then, the gender-stratified associations between both systolic BP (SBP) and diastolic BP (DBP) and the anthropometric variables were plotted using non-parametric locally weighted polynomial regression (Loess) 21 with adjustment for age at examination, educational level, smoking, alcohol intake and betel quid chewing. The Loess method was used to explore potential non-linear relationships. Finally, these associations were plotted within each of the four age groups: 20-29, 30-39, 40-49, and 50-59 years. Subjects with missing values were excluded from data analysis. The statistical analysis was undertaken using statistical software packages STATA (version 10.1, StataCorp, College Station, TX, USA) and R (version 2.8.1, The R Foundation for Statistical Computing, Vienna, Austria). Tables 1 and 2 show the summary statistics for BP and anthropometric variables for subjects examined at 1996, 1998 and 2006. Men had greater weight, height, BMI, waist, Whratio, SBP and DBP than women at 1996-1998 and in 2006, but women had a greater %body fat than men in both 1998 and 2006. These comparisons between men and women were statistically significant at the 5% level.
Results

Comparison of variables from 1996/1998 to 2006
Comparisons between baseline (either 1996 or 1998) and 2006 anthropometric variables in men and women were statistically significant. Younger participants tended to have higher education levels, and on average participants in 2006 had spent longer in formal education than those in 1996 or 1998. Within each of the four age groups, men were heavier and taller in 2006 than in 1996 or 1998, and so were women. For both men and women, BMI increased with age, and for men in the 20-39 age groups, BMI was greater in 2006 than in 1996/1998. No statistically significant difference in BMI was found in women between 1996/1998 and 2006. Men had greater %body fat in 2006 compared with 1998, but no substantial difference was found in %body fat in women. Men in the 20-39 age groups had larger waists in 2006 compared with 1998, but no substantial difference was found in women. Men aged 20-39 years had increased SBP in 2006 compared with 1996, but no substantial difference was found in SBP in women. In contrast, within both genders and four age groups, average DBP was lower in 2006 than in 1996.
The density plots in Figure 1 showed that there was no difference in the distribution of BMI and Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Relationships between BP and BMI stratified by sex and age In the age-stratified analysis (Figure 3 ), obese people of both sexes tended to have substantially higher SBP in 2006 than in 1996 in the 20-49 age groups, but not in the 50-59 age group. Similarly, for %body fat and Whratio, the differences in the slopes for the association with SBP between 1998 and 2006 were more evident in age groups of 20-49 years. For the relationship between SBP and BMI, the slope seemed to be steeper in 2006, indicating a stronger positive association between SBP and obesity. However, for the relationship between DBP and BMI, although the slope was also steeper in 2006, non-obese people had lower DBP but obese people had a similar DBP in 2006. For the relationship between SBP and body weight, the differences in the slopes between 2006 and 1996/1998 were small, but for DBP and body weight, people with the same body weight tended to have lower DBP in 2006 (Figure 4 ). For %body fat and Whratio, their relationships with BP (SBP and DBP) followed similar patterns observed in the relationship between BP and BMI ( Figures 5 and 6 ). Nevertheless, the differences in the slopes for DBP were less apparent in men than in women.
Discussion
In this study, we found that people who had reported no chronic medical problems and attended the MJ clinics for health screening were taller and heavier in 2006 than in 1996. For men, the average values of the obesity indices increased in 2006, but for women, the differences in the obesity indices between 2006 and 1996 were quite small. Although a small increase in the average SBP was observed in men, a bigger decrease in DBP was also observed. In contrast, a small decrease in the average SBP and a much larger decrease in DBP were observed in women in all age groups. However, steeper slopes for the relationships between SBP and obesity indices such as BMI were also observed, and this seemed to suggest that the impact of BMI on BP was much stronger in obese people. Although changes in BMI were not observed, in men, the prevalence of 'android' obesity, as shown by increased waist circumference, and %body fat has increased in Taiwan over the last decade. This trend was more evident in the younger age groups whose thinking and behaviour are likely to be more affected by the changes in living environment, dietary patterns and lifestyle than older generations in Taiwan. The android pattern of obesity, sometimes referred to as 'the apple-shape' has long been associated with increased cardiovascular risk and diabetes. [22] [23] [24] Although BMI is used to classify overweight and obesity, 25 it does not account for the wide variation of body fat distribution, particularly across different populations. 26 Increased muscle mass (lean body mass) increases weight and, therefore, BMI, whereas waist circumference reflects the size of the visceral fat depot and is an effective clinical tool for assessing the risk of diabetes and cardiovascular diseases. 27 This study therefore suggests that incidence of diabetes and cardiovascular disease is likely to increase in Taiwanese men unless measures are taken to increase the amount of physical activity taken and decrease dietary fat intake, particularly in the young men. Adverse changes in waist circumference and body fat were not observed in Taiwanese women, and the reasons for this are unclear.
One interesting finding is that in the age group of 50-59 years, the mean SBP is higher for women than for men in 1996 and 1998 but lower in 2006; however, in other age groups, the mean SBP in general is higher in men than in women. This is because the mean SBP in women aged 50-59 years have decreased in 2006 by about 7 mm Hg. The drop in SBP between 1998 and 2006 may be explained by differences in confounding factors. For example, the percentage of women in this age group with 410-year formal education have doubled in 2006 compared with 1998, which reflected a general improvement in education in Taiwan. This change may have a larger impact on dietary patterns and lifestyle in this age group. It is also noted that differences in SBP between different age groups are smaller in men (Table 1 ), but women in the age group of 50-59 years tended to have much higher SBP than younger age groups. The explanation for this finding is not clear and merits further investigation.
Intriguingly, although indices of obesity have become a more serious problem in 2006 than in 1996 in Taiwanese men, there was a decline in DBP in 2006 without an accompanying decline in SBP. Moreover, we also found that there was a difference in the associations between DBP and variables for body sizes and obesity indicators. Non-obese people had on average greater DBP in 1996/1998 than 2006, whereas this difference was smaller in obese people over the same time period. All these associations were plotted using the Loess method after the adjustment of confounders such as education levels, betel nut chewing, smoking and drinking, and as these differences were only observed in DBP not in SBP, they cannot be explained by the potential systematic errors in the measurement of BP. These differences were quite consistent across different body sizes and obesity index variables, so they are unlikely due to some idiosyncrasies in the curvefitting using Loess method. In contrast, men in age groups of 20-39 years had on average higher SBP in 2006 than in 1996/1998, but no substantial difference in SBP was found for the same age groups in women. Men in the same age groups also had higher %body fat and waist circumference in 2006 than in 1998, but it is not clear whether this relationship is causal or coincident. The association between SBP and obesity had become stronger in 2006, and this is in contrast to a recent study that showed a declining association between SBP and obesity. 19 Obese people, with increased %body fat, BMI, waist and Whratio had higher SBP in 2006 than in 1996/1998. In contrast, the association between SBP and body weight was less marked. This seems to suggest that body composition may be a more important influence than body weight on SBP. These findings indicate that in Taiwanese men, increased visceral fat, as indicated by increased waist circumference, is related to an increased SBP, though not to DBP. For non-obese people, the average DBP is lower in 2006 than in 1996/1998. Our findings on the lower average DBP in 2006 than in 1996 and its relation with obesity are intriguing, although other recent studies also showed similar findings. [17] [18] [19] Our study suggests that the increased prevalence of obesity may not have direct impact on DBP, as systolic and DBP may be controlled by different mechanisms and other factors may also have a role in the control of BP. For instance, although education levels, betel nut chewing, smoking and drinking were adjusted for in our analysis, the information about the changes in nutrition and dietary patterns in Taiwanese population between 1996/1998 and 2006 is not available for detailed analysis. Also, only people without chronic medical problems were included in our analysis, and the treatment of high BP might attain more Figure 6 Trends in the relationships between blood pressure and waist-to-hip ratio (Whratio) stratified by sexes and age groups at baseline (1998) and 2006 with the adjustment of ages, education levels, smoking, drinking and betel nuts chewing. popularity when the National Health Insurance scheme was introduced in 1997 in Taiwan. However, those confounding and selection bias can only explain our finding, if they work differentially for SBP and DBP. The implication for public health of this trend in reduced DBP and increased prevalence of obesity is unclear, and further follow-up studies are required to investigate the impact of these intriguing changes in the associations on the risk of cardiovascular diseases in the Taiwanese population.
